This paper analyzes the lamprophyres from the Laowangzhai gold deposits in Yunnan Province, China, which have close temporal-spatial relations with gold mineralization, for their major elements, trace elements and rare earth elements (REE), as well as their Sr, Nd isotopic compositions and the contents of fixed ammonia (NH 4 + ). The analytical results of major elements indicate that the lamprophyres in this region are potassic, calc-alkaline lamprophyres. Their M [Mg/(Mg+Fe 2+ )] and the contents of the transition elements reflect that the rocks possess the characteristics of primary magmas. As compared with the mid-ocean ridge basalts (MORB), the lamprophyres in this region are enriched in large ion lithophile elements (LILE) and high field strength elements (HFSE). Their REE distribution patterns are of the LREEenrichment type and their trace element distribution patterns are of the strong incompatible element enrichment type, indicating that the rocks originated from a fertile mantle. As compared with the modern values of the primitive mantle, the lamprophyres in this region have relatively high 87 Sr/ 86 Sr (0.70644~0.70895) and relatively low 143 Nd/ 144 Nd (0.512436~0.512524). The contents of NH 4 + in the rocks (74.34 ppm~468.7 ppm) are obviously higher than those of other types of mantle-source rocks (1 ppm~27 ppm), but lower than those of the carbonaceous country rocks (799.6 ppm~1742 ppm) in the ore field. Various lines of evidence demonstrate that the lamprophyres which possess the above Sr, Nd isotopic signatures and the contents NH 4 + of could not be derived from the magma with MORB characteristics during its ascending, or derived from the magma chamber, which had both been contaminated by crustal materials with high 87 Sr/ 86 Sr, low 143 Nd/ 144 Nd and high contents of NH 4 + , instead, the rocks are the results of partial melting of the fertile mantle. It is the main mechanism of formation of the fertile mantle in this region that metasomatism of the mantle mixed with crustal materials by fluids resultant from dewatering of crustal materials brought into the mantle during subduction and LREE-, LILE-and HFSErich fluids from the deep mantle (including the astrosphere).
This paper analyzes the lamprophyres from the Laowangzhai gold deposits in Yunnan Province, China, which have close temporal-spatial relations with gold mineralization, for their major elements, trace elements and rare earth elements (REE), as well as their Sr, Nd isotopic compositions and the contents of fixed ammonia (NH 4 + ). The analytical results of major elements indicate that the lamprophyres in this region are potassic, calc-alkaline lamprophyres. Their M [Mg/(Mg+Fe 2+ )] and the contents of the transition elements reflect that the rocks possess the characteristics of primary magmas. As compared with the mid-ocean ridge basalts (MORB), the lamprophyres in this region are enriched in large ion lithophile elements (LILE) and high field strength elements (HFSE). Their REE distribution patterns are of the LREEenrichment type and their trace element distribution patterns are of the strong incompatible element enrichment type, indicating that the rocks originated from a fertile mantle. As compared with the modern values of the primitive mantle, the lamprophyres in this region have relatively high 87 Sr/ 86 Sr (0.70644~0.70895) and relatively low 143 Nd/ 144 Nd (0.512436~0.512524) . The contents of NH 4 + in the rocks (74.34 ppm~468.7 ppm) are obviously higher than those of other types of mantle-source rocks (1 ppm~27 ppm), but lower than those of the carbonaceous country rocks (799.6 ppm~1742 ppm) in the ore field. Various lines of evidence demonstrate that the lamprophyres which possess the above Sr, Nd isotopic signatures and the contents NH 4 + of could not be derived from the magma with MORB characteristics during its ascending, or derived from the magma chamber, which had both been contaminated by crustal materials with high 87 Sr/ 86 Sr, low 143 Nd/ 144 Nd and high contents of NH 4 + , instead, the rocks are the results of partial melting of the fertile mantle. It is the main mechanism of formation of the fertile mantle in this region that metasomatism of the mantle mixed with crustal materials by fluids resultant from dewatering of crustal materials brought into the mantle during subduction and LREE-, LILE-and HFSErich fluids from the deep mantle (including the astrosphere).
INTRODUCTION
Lamprophyres, especially calc-alkaline lamprophyres, are one of the characteristic rock types in an orogenic belt (Turpin et al., 1988; Wyman and Kerrich, 1989a, b; Rock, 1990; Shappard and Taylor, 1992; Shand et al., 1994; Duggan and Jaques, 1996; Madhavan et al., 1998) . of this type are of great significance in exploring the evolutionary history of mantle underneath the orogenic belt and getting a better understanding of the metallogenic regularities of related mineral resources. Among the genetic hypotheses of lamprophyres, the model of "continental crust contamination of basic magmas" has been accepted by more and more scholars (Nelson et al., 1986; Rock, 1990; Bernard-Griffiths et al., 1991) . Their relatively high contents of incompatible elements, high field strength elements (HFSE) and rare earth elements (REE), and high ( 87 Sr/ 86 Sr) 0 and low ( 143 Nd/ 144 Nd) 0 (as compared with the modern values of the primitive mantle) are the important grounds for the establishment of this model (Rock, 1990) . In addition, Hall (1988) systematically analyzed minettes of Groups I and Groups II (artificially classified by Hall (1988) ), kimberlites, biotite carbonate rocks, and mantle xenoliths for their fixed ammonia (NH 4 + ) contents, and found that the contents of NH 4 + in Group I are obviously higher than those of other mantlesource rocks but lower than those of crustal rocks. In combination with the fact that the ( 87 Sr/ 86 Sr) 0 ratios in this group of minettes are generally high, it is considered that the rocks are derived from mantel-source magmas which had been contaminated by crustal materials. The Laowangzhai gold depostis in Yunnan Province, China is located in the northern segment of the Ailaoshan fault zone, which is composed of several ore blocks such as the Donggualing and Laowangzhai etc. (Fig. 1) . In the ore field are widespread lamprophyres which intruded into all the strata and other magmatic rocks in the ore field. Their Rb-Sr isotopic ages are 28.8 Ma~49.0 Ma (Hu et al., 1995) and fission track ages are 22.7 Ma~27.2 Ma (Huang and Wang, 1997) . The rocks are dominated by minettes, with a main mineral assemblage of pyroxene (20%±; volume percent, the same below) + mica (25%±; mainly phlogopite, minor Mg-rich biotite, the same below) + K-feldspar (40%±). A few kersantites are characterized by a main mineral assemblage of pyroxene (20%±) + mica (25%±) + plagioclase (35%±). The rocks commonly show signs of alteration, with carbonatization, sericitization, silicification, etc. being commonly seen. Some rocks have experienced mineralization, as reflected by sulfide alterations (pyritization, stibnitization, arsenopyritization, etc.) . According to the extent of alteration and the signs of mineralization, the lamprophyres in this region can be divided into three categories, i.e., fresh (weakly altered), altered and mineralized. Huang and Wang (1997) reported the petrological and mineralogical characteristics of lamprophyres in this region. This paper presents the contents of major elements, trace elements and REE of lamprophyres in this region, as well as the Sr, Nd isotopic compositions and the contents of NH 4 + . It is held that the lamprophyres in this region seem not to be the products of "basic magmas contaminated by continental crust materials", but the results of partial melting of a fertile mantle.
SAMPLES AND ANALYTICAL METHODS
This paper deals with relatively fresh lamprophyre samples collected from the region studied. The criteria of sample selection are: being weakly altered, grayish-black in color, exhibiting primary magmatic texture, the rest minerals (e.g., micas, feldspars, etc.) should possess the primary optical characteristics with the exception of olivine and some pyroxenes in the rocks, which have been replaced by secondary minerals such as serpentine, chlorite, carbonate, etc.
The major elements were analyzed with routine wet chemistry at the Institute of Geochemistry, Chinese Academy of Sciences, and trace elements and REE were analyzed with ICP-MS techniques at Guangzhou Institute of Geochemistry, Chinese Academy of Sciences and Institute of Geochemistry, Chinese Academy of Sciences. Li (1997) and Qi et al. (2000) introduced the analytical procedure of trace elements and REE with ICP-MS at two Institute, respectively.
The Sr, Nd isotopic compositions were analyzed at the Isotope Laboratory of Guangzhou Institute of Geochemistry, Chinese Academy of Sciences. First, lamprophyre samples were dissolved with the mixed acid HF + HClO 4 , followed by the separation of Rb from Sr on the AG50 × 8 (200 mesh~400 mesh) cation exchange column, and of Sm from Nd on the Dowex × 8 (200 mesh~400 mesh) resin exchange column and P 2 O 4 column, respectively. Then, 87 Sr/ 86 Sr and 143 Nd/ 144 Nd isotopic ratios were measured on a MAT-61 multi-collector mass spectrometer purchased from the Finnigan Co. of West Germany. Chemical analysis was accomplished on the superpurified working platform in the superpurification laboratory, with the whole-procedure blank Sr = 2 × 10 -12 g/g and blank Nd = 3 × 10 -11 g/g. The analytical result of standard sample NBS-987 is 87 Sr/ 86 Sr = 0.710340 ± 20 and La Jolla is 143 Nd/ 144 Nd = 0.511860 ± 10. The contents of NH 4 + were determined at the Institute of Geochemistry, Chinese Academy of Sciences. The analytical procedure is: fresh lamprophyre samples were roughly crushed and ground, immersed with HF + HCl (1:1) for 30 min and then with benzene + methyl alcohol (1:1), followed by being washed with distilled water and baked at 50°C till dryness. The resultant was ground as fine as -200 mesh and treated with H 2 O 2 or NaOCl to remove organic matter, then baked till dryness, dissolved with HF+H 2 SO 4 , and dis-tilled on a nitrogen-fixing apparatus for colorimetric analysis. A great deal of experimental work has been done using this analytical procedure (Luo and Gao, 1994) and the experimental results are generally consistent with the results from the standard BGS system, indicating that this analytical procedure can satisfy the requirements for the analysis of NH 4 + in rocks and ores.
GEOCHEMISTRY

Major elements
As can be seen from Table 1 , the contents of CO 2 in lamprophyres from this region are relatively high, ranging from 5.10 wt% to 10.51 wt%. At present, whether lamprophyres contain CO 2 or not is still an open question. In recent years a great wealth of data (Roden, 1981; Allan and Carmichael, 1984; Bergman, 1987; Bergman et al., 1988; Shappard and Taylor, 1992; Taylor et al., 1994) are available, indicating that the contents of CO 2 in primary lamprophyres never over exceed 0.5 wt%. According to the statistical data on 116 primary olivine trachybasaltic lamprophyre samples (Rock, 1990) , the geometric mean value of CO 2 is 0.42 wt%. Experimental petrological studies (Esperança and Holloway, 1987; Foley, 1989; Tatsumi and Koyaguchi, 1989 ) also indicated that Si-and alkali-rich magmas (for example, minette) could by no means be produced in an extremely CO 2 -rich environment in the upper mantle. Mineralogical studies (Huang et al., 1999) indicated that primary carbonates in the lamprophyres of this region (occurring as matrix and ocelli) was estimated to be less than 1%. Comparative studies also demonstrated that the contents of MgO, CaO and Fe 2 O 3 + FeO in the lamprophyres of this region are lower (or equivalent to) than those of the same rocks in other regions (Rock, 1990) . Figure 2 shows that in the lamprophyres of this region there is no obvious correlation between CO 2 and SiO 2 , Al 2 O 3 , CaO, MgO and Fe 2 O 3 +FeO, etc., implicating that carbonization in the fresh lamprophyres of this region should be attributed to external CO 2 , but the components CaO, MgO (and FeO) were provided by the lamprophyres themselves. So, the data should be adjusted before a discussion is given to the major element geochemical characteristics of the lamprophyres of this region. The adjusting method is described as follows: CO 2 is deducted, the content of H 2 O is maintained in the primary data (becauce the contents of H 2 O in lamprophyres from this region are among the range of those in calc-alkaline lamprophyres (Rock, 1990) ), and the contents of other oxides are converted to 100%-H 2 O. The results are presented in Table 1 .
As can be seen from (Fig.  3) , the data points of the lamprophyres all fall within the field of calc-alkaline lamprophyres (Rock, 1987) . The K/Al (0.26~0.51) and K/(K+Na) (0.52~0.80, with the exception of one sample (YLW-41) whose K/(K+Na) is 0.46) ratios in the lamprophyres from this region fall within the field of potassic and K-rich lamprophyres (K/Al < 0.80, K/(K+Na) > 0.5), as classified by Lu et al. (1991) . It can be seen clearly that the lamprophyres in this region belong to potassic-K-rich calc-alkaline lamprophyres. With the exception of one sample (HQ-11) whose TiO 2 accounts for 1.15 wt%, the contents of TiO 2 in all the lamprophyre samples vary between 0.63 wt% and 0.88 wt% and those of P 2 O 5 between 0.46 wt% and 0.80 wt%, precisely lower than those of the same rocks in other regions (Rock, 1990) . Although the contents of other oxides vary over a wider range, they can still be compared with those of the same rocks in other regions. Except for Al 2 O 3 , Na 2 O and K 2 O, the contents of other oxides in the minettes and kersantites of this region are of no difference. The former rocks are relatively low in Al 2 O 3 , Na 2 O and high in K 2 O (Table  1) , just in consistency with the difference in major mineral assemblage between these two types of rocks.
The M [Mg/(Mg+Fe 2+ )] of lamprophyres in this region are relatively constant (71.02~85.61). With increasing M, the contents of SiO 2 , FeO and K 2 O in the lamprophyres of this region tend to decrease against an increase in Fe 2 O 3 , MgO and CaO, implying that the lamprophyres had experienced weak crystallization-differentiation during petrogenesis. Table 2 is the analytical results of trace elements and REE in lamprophyres from Laowangzhai gold deposits. As can be seen frÏ› Fig. 4 , there is not correlation relationship between the contents of CO 2 and trace elements and REE in lamprophyres from this region. This show the analytical data can represent the contents of trace elements and REE of unaltered lamprophyres.
Trace elements and REE
As can be seen from Table 2 , there is no significant difference in contents of the transition elements between minettes and kersantites and their average contents are close to those of calcalkaline lamprophyres according to the statistical data of Rock (1987) . In the rocks Sc: 18.9 ppm~33.1 ppm, Cr: 292 ppm~523 ppm, Co: 24.9 ppm~38.0 ppm, and Ni: 74.8 ppm~365 ppm, all falling within the range of the primary magma responsible for lamprophyres (Sc: 15 ppm~30 ppm, Cr: 200 ppm~500 ppm, Co: 25 ppm~80.0 ppm, and Ni: 90 ppm~700 ppm), as shown by the statistical data provided by Rock (1990) . This indicates that the lamprophyres of this region possess the characteristic features of primary magmas.
The large ion lithophile elements (LILE) contents of the lamprophyres in this region vary over a wide range and the HFSE contents are relatively constant (Table 2) , both being higher than those of the primitive mantle, mid-ocean ridge basalts (MORB) and island-arc basalts (OIB), as reported by Sun and McDoonough (1989) . However, in comparison to the same rocks in other regions (Roden, 1981; Allan and Carmichael, 1984; Bergman, 1987; Bergman et al., 1988; Shappard and Taylor, 1992) , the LILE and HFSE contents of the lamprophyres in this region are rather low, with the average values being close to those of calc-alkaline lamprophyres (Rock, 1987) . The MORB-normalized trace element distribution patterns in the lamprophyres from this region are of the "camel-hump" type ( Fig. 5) , similar to the trace element distribution patterns of calc-alkaline lamprophyres, which are characterized by the specific negative "Ta-Nb-Ti" anomalies (Rock, 1990) . As compared with MORB (Sun and McDoonough, 1989) , the lamprophyres are enriched in LILE and HFSE.
The REE contents of lamprophyres of different types in the region studied are (Table 2) : ∑REE: 136.40 ppm~255.95 ppm, LREE: 101.88 ppm~220.43 ppm, and HREE: 12.64 ppm~17.77 ppm, with LREE/HREE being 7.50~13.43, obviously higher than those of the primitive mantle and MORB (Sun and McDoonough, 1989) . As compared with the same rocks in other regions (Roden, 1981; Allan and Carmichael, 1984; Bergman, 1987; Bergman et al., 1988; Shappard and Taylor, 1992) , the lamprophyres in this region are relatively low in REE, especially LREE. The chondrite-normalized REE distribution patterns in the lamprophyres are represented by the right-inclined LREE-enrichment-type curves (Fig. 6) . Their (La/Yb) N = 10.8~42.53, and (Gd/Yb) N = Rock, 1987 It is worthy of note that the minettes in the region can be divided into two groups in accordance with their REE contents ( (Fig. 6) . The former group has (La/Yb) N = 19.13~40.62, (La/Sm) N = 3.23~5.31, (Gd/Yb) N = 3.06~5.28, δEu = 0.71~0.91, and δCe = 0.90~0.96, while the latter has (La/Yb) N = 6.62~16.09, (La/Sm) N = 2.23~4.00, (Gd/Yb) N = 1.98~2.88, δEu = 0.68~1.00, and δCe = 0.89~1.01. As seen in the La-La/Sm and La-La/Yb diagrams (Figs. 7A and B), the two groups of rocks are distributed roughly along an oblique line, indicating that the two groups of lamprophyres are the product of varying-degree partial melting of the mantle.
Fig. 3. Plot of SiO 2 vs. (Na 2 O+K 2 O) for laprophyres (after
Sr, Nd isotopes
Listed in Table 3 are the results of Sr, Nd iso- (Fig. 8 ) the rocks fall within the fourth quadrant and among the HIUM, EM1 and EM2. Table 4 are the contents of NH 4 + in lamprophyres from the region studied. For the convenience of comparison, one mantle xenolith taken from the Hannuoba alkali basalt in Hebei, China and some country rock samples from the ore field were also analyzed for their NH 4 + . With respect to the contents of NH 4 + in the lamprophyres, the following characteristics can be seen: (1) The contents of NH 4 + in the lamprophyres from the ore field are much higher than those of other mantle-source rocks. For example, the contents of NH 4 + in ultrabasic rocks Table 2 . CAL is the average of calc-alkaline lamprophyres (Rock, 1990) , MORB from Sun and McDoonough (1989) .
The contents of NH 4 +
Listed in
(14 samples) are within the range of 1 ppm~12 ppm (7 ppm on average); 14 ppm~34 ppm (17 ppm on average) for gabbro (15 samples); 9 ppm~27 ppm (21 ppm on average) for basalt (21 samples); 4 ppm~12 ppm (7.7 ppm on average) for kimberlite (3 samples); and 1 ppm~10 ppm (6.5 ppm on average) for mantle xenolith (8 samples), as counted by Luo and Gao (1995) , also higher than the contents of fixed ammonia in Group-II minettes (2 ppm~31 ppm, averaging 18 ppm for 12 samples) but generally approximate to those of Group-I minettes (21 ppm~248 ppm, averaging 146 ppm for 7 samples), as reported by Hall (1988) . (2) In the ore field the contents of NH 4 + in the minettes (120.0 ppm~468.7 ppm, averaging 269.5 ppm for 11 samples) are obviously higher than those of kersantites (74.34 ppm~135.9 ppm, averaging 98.39 ppm for 7 samples). (3) The contents of NH 4 + in lamprophyres in the ore field are significantly lower than those of carbonaceous country rocks (1199.54 ppm~1342.46 ppm, averaging 1271.00 ppm for 2 samples) but higher than those of the mantle xenolith from the Hannuoba alkali basalt in Hebei, China (2.090 ppm). (Rock, 1990) . Chondrite from Boynton (1984) .
DISCUSSION
Crust contamination and source crust mixing
The lamprophyres in Laowangzhai gold deposits are calc-alkaline lamprophyres and their major elements, trace elements and REE can all be compared with those of the same rocks in other regions (Rock, 1990 (Jacohson and Wasserburg, 1980) , and ( 147 Sm/ 144 Nd) CHUR = 0.1967 (Jacohson and Wasserburg, 1980 Zhu et al. (1992) . No significant difference is noticed in ε Sr and ε Nb values between the lamprophyres from this region and those from the East Erhai region. As is shown in the 87 Sr/ 86 Sr-143 Nd/ 144 Nd diagram (Fig. 8) , they all fall within the areas of East Erhai Tertiary ultrapotassic volcanic rocks (Zhu et al., 1992) , Tengchong Tertiary volcanic rocks (Zhu and Mao, 1983 ) and alkali-rich intrusive rocks in the Ailaoshan fault zone Xie, 1995, 1997 Yunnan, Xie et al. (1992) also pointed out that Cenozoic volcanic rocks in the periphery of the Qinghai-Tibet Plateau mostly show no sign of having been contaminated by crustal materials. After studying the Sr, Nd isotopic compositions of alkali-rich intrusive rocks in the Ailaoshan fault zone, Zhang and Xie (1997) suggested that the rocks with high 87 Sr/ 86 Sr and low 143 Nd/ 144 Nd were not the products of crust contamination.
(2) The strata into which the lamprophyres intruded in this region include calcareous slate, quartz greywacke and sericite slate.
87 Sr/ 86 Sr in these rocks are 0.70847 (1 sample), 0.71285 (1 sample) and 0.73040 (6 samples on average), respectively. If the 87 Sr/ 86 Sr in mantle primary magma is taken to be 0.7038 (White and Hofmann, 1982) , in accordance with simple binary mixing estimation, the proportions of sample YD-20 ( 87 Sr/ 86 Sr = 0.70769) which had been contaminated by the aforementioned rocks will be 83%, 43% and 15%, respectively, and those of sample YW-41 ( 87 Sr/ 86 Sr = 0.70694) will be 67%, 35% and 12%, respectively. As can be seen from the estimated results, first, the contamination of primary magma by crustal materials in such a big proportion must lead to variations in chemical composition of the rocks, which is precisely in conflict with the precious conclusion that the contents of Cr, Ni and Co in the lamprophyres of this ultrabasic rocks, gabbro, basalt, kimberlite and mantle xenoliths), but lower than those of carbonaceous country rocks in the ore field. Such an explanation seems unreasonable that the rocks in the ore field are of crust contamination origin.
(1) The lamprophyres themselves are enriched in NH 4 + . The NH 4 + is similar to K + both in electrovalence and in ionic radium and it is present mainly in minerals by replacing K + . So naturallyoccurring K-rich minerals are also NH 4 + -rich minerals. Measurements (Wlotzka, 1961) indicated that in silicate rock-forming minerals, micas and feldspars are the major NH 4 + -hosted minerals and the partitioning sequence of NH 4 + in these minerals follows the order of biotite, orthoclase and plagioclase. According to the statistical data of Luo and Gao (1995) , the contents of NH 4 + in 110 biotite samples are within the range of 5 ppm~1880 ppm (averaging 300 ppm), 6 ppm~604 ppm (averaging 164 ppm) in 25 orthoclase samples, and 2 ppm~58 ppm (averaging 8 ppm) in 15 plagioclase samples, also providing strong evidence for the above conclusion. In addition, minerals derived from alteration of mica and feldspar such as sericite, muscovite, illite and buddingtonite are all the important NH 4 + -hosted minerals. In lamprophyres in the Laowangzhai gold deposits, as in the same rocks in other region, the major rock-forming minerals mica, orthoclase and plagioclase are all the NH 4 + -hosted minerals. For this reason, the rocks are possible to be enriched in NH 4 + . In the Laowangzhai gold deposits the contents of NH 4 + in minettes are obviously higher than those of kersanites, just in consistence with the fact that the former's lightcolored minerals are predominated by orthoclase (relatively high in NH 4 + ) while the latter's darkcolored minerals are predominated by plagioclase (relatively low in NH 4 + ). Early alterations in the relatively fresh lamprophyres in the ore field are dominated by chloritization, sericitization, carbonatization and silicification. Correlations between NH 4 + and other components indicate that in fresh lamprophyres from the ore field NH 4 + is positively correlated with K 2 O, but shows no correlation with other major elements and volatile region are close to those of mantle rocks and those of SiO 2 , Al 2 O 3 and CaO are approximate to those of the same rocks in other region, and, second, the samples for Sr, Nd isotopic analysis are country rocks differing in petrological character. If the samples were contaminated by crustal materials in a big proportion, they would show a significant difference in Sr isotopic composition. Such a significant difference in Sr isotopic composition is also in conflict with the conclusion that the lamprophyres of this region are relatively constant in isotopic composition. All this goes to show that there would be a little possibility that the lamprophyres of this region have been contaminated by crustal materials in a relatively big proportion.
( (Table 4) , this sample shows no significant difference in major and trace elements from, though its Sr content is obviously higher than that of the same rock in the ore field, implying that the rock is probably not the product of crustal contamination. The authors hold that the fact that sample YLW-44 has an abnormally high 87 Sr/ 86 Sr ratio may be attributed to the involvement of external Sr (Nd and other elements) in the process of alteration of the rock (the selected sample displays signs of weak alteration), as is evidenced by the abnormally high Sr (2785 ppm) and relatively high Nd (34.38 ppm) contents, but relatively low 87 Rb/ 86 Sr (0.1940) and 143 Nd/ 144 Nd (0.1172) ratios (relative to the same rocks in the ore field).
Evidence from NH 4 + The contents of NH 4 + in lamprophyres in the Laowangzhai gold deposits are generally close to those of Group-I minettes, as reported by Hall (1988) , obviously higher than those of other types of mantle-source rocks (e.g., components. That is to say, early alterations have little influence on the contents of NH 4 + in the lamprophyres. The high contents of NH 4 + in the rocks may be an outstanding feature of their own.
(2) The high contents of NH 4 + in lamprophyres appear not to be the result of crustal contamination. Studies have demonstrated that the most outstanding feature of crustal material-contaminated basic magmas is the slightly higher 87 Sr/ 86 Sr in the rocks (Nelson et al., 1986; Rock, 1990; Bernard-Griffiths et al., 1991) . 87 Sr/ 86 Sr in lamprophyres in the Laowangzhai gold deposits (Table 3) are actually higher than the modern values of the primitive mantle. However, as discussed previously in a number of respects, high 87 Sr/ 86 Sr in the lamprophyres of this region seem not to be the result of crust contamination, but are attributed to the nature of the rocks themselves. As can be seen from the NH 4 + -87 Sr/ 86 Sr diagram (Fig. 9) , there is no correlation between NH 4 + and 87 Sr/ 86 Sr for the minettes and kersantites in this region, indicating that both of them are not the result of crust contamination. If the average content of NH 4 + in basic rocks is taken to be 21 ppm (previous paper), the average content of NH 4 + in the carbonaceous rocks of this region will be 1271.00 ppm (this paper). According to simple binary mixing estimation, the lamprophyres (the average content of NH 4 + = 269.50 ppm) in this region contaminated by country rocks account for 20%. As stated previously, the contamination of primary magmas by upper crust materials in such a big proportion will surely lead to variations in the contents of major and trace elements. However, such variations are just in inconsistence with the geochemical characteristics of lamprophyres in this region. This also demonstrates that the high contents of NH 4 + in the lamprophyres seem not to be the result of crust contamination.
The above two possibilities have been ruled out. We consider that the high 87 Sr/ 86 Sr and low 143 Nd/ 144 Nd for the lamprophyres in the region studied are attributed to the source crust mixing. The source crust mixing is directly related to plate subduction. As viewed from the geotectonic development, the Ailaoshan fault zone once experienced subduction and this viewpoint has been accepted by most geological workers (Duan and Zhao, 1981; Li, 1988; Luo, 1990; Cong et al., 1993; Zhang and Xie, 1997) . This viewpoint can also been provided by the lamprophyres exposed in the Ailaoshan fault zone (including the lamprophyres in Laowangzhai gold deposits) are similar to Tengchong Tertiary volcanic rocks and alkali-rich intrusive rocks that have subduction environment and source crust mixing (Zhu and Mao, 1983; Zhang and Xie, 1997) Nd. Another piece of evidence for the source crust mixing due to subduction is that the incompatible element distribution patterns show negative Ta-Nb-Ti anomalies (Fig. 5) . As Rock (1990) stated that the negative Ta-Nb-Ti anomalies of lamprophyres are not necessarily one-to-one correlated with the subduction environment, however, there are not younger lamprophyres showing negative Ta-Nb-Ti anomalies beyond the subduction environment. The rockforming ages of lamprophyres in the region studied are relatively young (Himalayan) and this shows that it is reliable to use the negative TaNb-Ti anomalies of lamprophyres as the index to distinguish the subduction environment. 
Mantle metasomatism
As stated previously, the M and contents of the transition elements (Sc, Cr, Co, Ni) in the lamprophyres of this region indicated that the rocks possess the characteristics of primary magmas. The rocks are more enriched in LILE and HFSE than the MORB (Sun and McDoonough, 1989) , their REE distribution patterns are of the LREE enrichment type and the incompatible element distribution patterns are of the strong incompatible element enrichment type. All this goes to reflect that the lamprophyres in this region originated from a fertile mantle. Huang (1996) conducted modeling calculations of the REE contents of the mantle in the source region of lamprophyres in the region studied by taking sample YD-20 (∑REE-high group of lamprophyres) and sample YLW-21 (∑REE-low group of lamprophyres) for example and the results showed that the mantle in the source region of lamprophyres in the region studied is obviously enriched in REE, especially LREE (Fig. 10) . The two samples represent the products of 7.5% and 13% partial melting of REEenriched mantle, respectively. This provides further evidence suggesting that the lamprophyres in the region studied are the products of varying -degree partial melting of the fertile mantle.
Although the source crust mixing can interpret why lamprophyres in the region studied are relatively high 87 Sr/ 86 Sr and low 143 Nd/ 144 Nd, it cannot lead to the formation of the LREE-, LILE-and HFSE-rich fertile mantle. So it is believed that the mantle (source region) of lamprophyres has undergone metasomatism by fluids relatively enriched in LREE, LILE and HFSE. The fluids that metasomatized the mantle in the subduction environment mainly include: (1) fluids resultant from dewatering of crustal materials brought into the mantle in the process of subduction (Holm and Munksgaard, 1982; Ujike, 1988; Fabries et al., 1989; Maury et al., 1992) ; (2) ascending fluids from the deep mantle (including the astrosphere) (Green and Wallace, 1988; Meen et al., 1989) . Source crust mixing of lamprophyres in this re- (Huang, 1996) show that two samples were the products of 7.5% and 13% partial melting of mantle rocks, respectively. Base on this results, Huang (1996) (Frey, 1984) . Chondrite from Boynton (1984) . gion indicate that the mantle has undergone metasomatism by fluids resultant from dewatering of crustal materials, but whether this kind of fluids is enriched in LREE, LILE and HFSE or not is still an open question. In contrast, it has been confirmed by many research results that fluids from the deep mantle (including the astrosphere) are enriched in LREE, LILE and HFSE (Green and Wallace, 1988; Meen et al., 1989; Navon et al., 1988; Schrauder and Navon, 1994; Schrauder et al., 1996; Liu et al., 2001) . This kind of fluids also contains a certain amount of CO 2 , and the magma derived from partial melting of a fertile mantle formed as a result of metasomatism by the fluids usually contains a certain amount of carbonates. The mineral assemblage in lamprophyres from the Laowangzhai gold deposits contains a small amount of matrix carbonate and ocelli carbonates (<1%, of which the δ 13 C PDB are -4.13‰-4.71‰ and -5.10‰~-6.17‰, respectively (Huang et al., 1999 (Huang et al., , 2002 , the ocelli carbonates are enriched in Sr (3124 ppm~3337 ppm), Ba (5763 ppm~5860 ppm) and LREE (860.45 ppm~894.91 ppm) (Huang et al., 2002) , indicating the geochemical characteristics of carbonatites. All these characteristics show that the mantle (source region) of lamprophyres in the region studied have experienced metasomatism by fluids from the deep mantle (including the astrosphere).
calculated the REE contents of source rocks for lamprophyres. This diagram is Chondrite-normalized REE patterns of calculating results. 1 is the modelled result of YD-20, 2 is the modelled of YLW-21, 3 is the REE pattern of pyrolites two times that of chondrites
CONCLUSIONS
In the Laowangzhai gold deposits the lamprophyres which are closely related with gold mineralization both in time and in space are Himalayan calc-alkaline lamprophyres. The M and the contents of the transition elements reflect that the rocks possess the characteristics of primary magmas. The rocks are more enriched in LILE and HFSE than the MORB (Sun and McDoonough, 1989) . Their REE distribution patterns are of the LREE-enrichment type and their incompatible element distribution patterns are of the strong incompatible element-enrichment type. Nd/ 143 Nd) 0 and high contents of NH 4 + in the magma chamber or in the process of upward intrusion, instead, the rocks are the results of partial melting of the fertile mantle. It is the main mechanism of formation of the fertile mantle in this region that metasomatism of the mantle mixed with crustal materials by fluids resultant from dewatering of crustal materials brought into the mantle during subduction and LREE-, LILE-and HFSE-rich fluids from the deep mantle (including the astrosphere).
